The suprachiasmatic nucleus (SCN), the brain's principal circadian pacemaker, coordinates adaptive daily cycles of behavior and physiology, including the rhythm of sleep and wakefulness. The cellular mechanism sustaining SCN circadian timing is well characterized, but the neurochemical pathways by which SCN neurons coordinate circadian behaviors remain unknown. SCN transplant studies suggest a role for (unidentified) secreted factors, and one potential candidate is the SCN neuropeptide prokineticin 2 (Prok2). Prok2 and its cognate prokineticin receptor 2 (Prokr2/Gpcr73l1) are widely expressed in both the SCN and its neural targets, and Prok2 is light-regulated. Hence, they may contribute to cellular timing within the SCN, entrainment of the clock, and/or they may mediate circadian output. We show that a targeted null mutation of Prokr2 disrupts circadian coordination of the activity cycle and thermoregulation. Specifically, mice lacking Prokr2 lost precision in timing the onset of nocturnal locomotor activity; and under both a light/dark cycle and continuous darkness, there was a pronounced temporal redistribution of activity away from early to late circadian night. Moreover, the coherence of circadian behavior was significantly reduced, and nocturnal body temperature was depressed. Entrainment by light is not, however, dependent on Prokr2, and bioluminescence real-time imaging of organotypical SCN slices showed that the mutant SCN is fully competent as a circadian oscillator. We conclude that Prokr2 is not necessary for SCN cellular timekeeping or entrainment, but it is an essential link for coordination of circadian behavior and physiology by the SCN, especially in defining the onset and maintenance of circadian night.
T he suprachiasmatic nucleus (SCN) of the hypothalamus constitutes an autonomous circadian pacemaker necessary for the maintenance of daily rhythms, including the cycle of sleep and wakefulness (1) . The molecular basis of the cellular oscillator of the SCN is broadly characterized, but how the SCN signals circadian time to other sites in the brain and thence to peripheral tissues is unclear (2) . Neuroanatomical projections from the SCN run predominantly to local hypothalamic and thalamic structures (3) , including the dorsomedial nucleus (DMN), a principal site for the regulation of sleep and wakefulness and circadian arousal by behavioral cues (4, 5) . How such ''hard-wired'' connections influence SCN targets remains open to question. Although electrical signaling by means of synaptic contacts is likely important (6) , encapsulated SCN grafts unable to form synaptic contacts with host tissues are nevertheless able to establish circadian activity/rest cycles in previously arrhythmic, SCN-lesioned recipients (7) . This finding indicates that paracrine factors from the SCN mediate circadian coordination within the brain. A small number of candidate factors have been explored, including TGF-␣ (8) and cardiotrophin-like cytokine (9) . These factors are expressed by the SCN on a circadian basis, and local infusion of exogenous peptide acutely suppresses locomotor activity. There is, however, a paucity of genetic evidence to support their proposed roles.
Prokineticin 2 (Prok2) is a secretory peptide, expressed in gut and brain, including the SCN where its transcript oscillates on a circadian basis, peaking in subjective daytime (the inactive phase of nocturnal rodents). Prok2 is acutely induced by light pulses that reset the clock (10) . Central infusion of recombinant Prok2 suppresses nocturnal locomotor activity in rats, and endogenous Prok2 has therefore been proposed as an inhibitory output of the SCN, preventing excessive diurnal activity in nocturnal mammals. The Prokr2 (Gpcr73l1) gene encodes a G protein-coupled receptor for Prok2 that is expressed in both the SCN and diencephalic targets of the SCN, including the medial thalamus and DMN. To test the putative contribution(s) of Prokr2-mediated signaling to circadian timing, we have generated a null mutation of the gene, and we have examined its impact on entrained and free-running activity/rest cycles, body temperature rhythms, and on the molecular oscillator of the SCN, as reported by bioluminescent gene expression in organotypic culture. Although loss of Prokr2-mediated signaling has no effect on entrainment to the light/dark cycle, it profoundly disrupts the activity/rest cycle under both entrained and freerunning conditions, with imprecise activity onsets, loss of consolidation, and a relative redistribution of activity from early to late circadian night. Moreover, the nocturnal increase in core body temperature is attenuated in mutants. Importantly, loss of Prokr2 has no effect on the molecular oscillator insofar as circadian cycles of bioluminescent gene expression in the SCN are not compromised. We conclude that the receptor is not necessary for circadian pacemaking nor entrainment, but it is a necessary link in the suprachiasmatic coordination of behavior with a specific role in defining the onset and maintenance of circadian night.
Results
The prokr2 Brdm1 Mutation Is a Functional Null Allele. The Prokr2 insertion-targeting vector was designed to create a functional null allele for the Prokr2 gene by duplication of the exon 3 splice
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acceptor and 147 bp of coding sequence fused to the vector backbone of the 5Ј hypoxanthine phosphoribosyltransferase (Hprt) vector (11, 12) (Fig. 1 a and b) . The Prokr2-targeting vector was electroporated into AB2.2 (129S7/SvEvBrd Hprtb-m2 -derived) ES cells, and Southern blot analysis of G418-resistant clones yielded three homologous recombinants (frequency 1.5%) (Fig. 1c) , one of which yielded germ line-transmitting chimeras. The first generation backcross (N1) onto the C57BL/ 6-Tyr c-Brd background was genotyped by Southern blot analysis of tail DNA. The appearance of hybridizing bands in addition to the targeted and wild-type seen in heterozygous ES cells meant, however, that it was not possible to distinguish heterozygotes from homozygotes with this method. Therefore PCR-based genotyping was established by using a Prokr2-linked SNP between the mutant 129 allele and the wild-type allele of the C57BL/6 strain to which it was backcrossed (Fig. 1d) .
Because the prokr2 Brdm1 mutation (abbreviated here as m) duplicates but does not delete any Prokr2 exons, the mutation was characterized functionally. RT-PCR analysis of brain total RNA indicated that the Prokr2 transcript was detectable for exons 1 and 2 in both ϩ/ϩ and m/m RNA (Fig. 1d) , which is expected because the Prokr2 promoter remains intact, and exons 1 and 2 are 5Ј to the vector insertion site. An exon 3 transcript was also detected for m/m RNA that could be the result of splicing from the 5Ј Hprt cassette. However, a transcript between exon 2 and exon 3 was undetectable in m/m while being present in ϩ/ϩ RNA, demonstrating that insertion of the 5Ј Hprt vector backbone adjacent to the truncated exon 3 disrupts transcription from exon 2 to the intact exon 3. Functional inactivation of the Prokr2 gene was confirmed by radioligand binding of mamba intestinal toxin 1 (MIT), a peptidergic homolog of endocrine gland-derived VEGF, which binds to both Prokr2 and Prokr1 receptors (13) . The latter, however, is expressed at very low levels in the rodent brain, and so the binding we observed in wild-type mouse brain likely represented Prokr2 (14, 15) . In confirmation, the distribution of 125 I-MIT-binding sites overlapped that of Prokr2 mRNA as described in refs. 10 and 16, with intense binding in lateral septum, SCN, midline thalamic nuclei, amygdala, anterior hippocampus, and DMN (Fig. 1f ) . The binding was specific, being displaced by cold ligand (Fig. 1g) , and it was completely abrogated in m/m mice, confirming the targeted allele as a functional null. exhibited normal patterns of feeding, grooming, and nesting behavior. Consistent with the reported sterility of a different Prokr2 null mutation (15) , male and female m/m mice failed to breed.
Loss of Prokr2
Compromises Circadian Behavior and Thermoregulation. Because of severe penetrance of postnatal lethality of m/m at advanced stages of backcross into the C57BL/6 genetic background, cohorts of male and female N2, N3, and N4 C57BL/6 backcrossed homozygous mutant mice, with sex-and litter-matched wild-type and heterozygote controls, were used for behavioral analyses. Under a full photo schedule of 12 h of white light and 12 h of dim red light (LD), ϩ/ϩ and ϩ/m mice exhibited typical patterns of wheel-running behavior and general locomotor activity. Activity onset coincided with lights off, and activity continued through most of the dark phase (Fig. 2) . The entrained behavior of homozygous mutants was dramatically different, often being biphasic in nature with a brief burst of activity coincident with lights off and a second more pronounced bout of activity toward the end of the dark phase. There was, however, marked interindividual variation in the relative intensity of early and late bouts. The consolidated locomotor activity in early night typical of ϩ/ϩ and ϩ/m mice was not evident in the m/m mice, and interday stability of activity was significantly lower in mutant mice (mean Ϯ SEM: m/m, 0.55 Ϯ 0.06; ϩ/m, 0.74 Ϯ 0.06; ϩ/ϩ, 0.79 Ϯ 0.03; P Ͻ 0.05), whereas intradaily variability was higher (m/m, 1.25 Ϯ 0.16; ϩ/m, 0.84 Ϯ 0.17; ϩ/ϩ, 0.81 Ϯ 0.12; P Ͻ 0.05). The effects of the mutation on behavior were evident at all stages of backcross onto a C57BL/6 genetic background.
As a group, the m/m mice were significantly (P Ͻ 0.05) hypokinetic relative to other genotypes as assessed both by wheel-running and general activity (Fig. 3a) . This behavior was not, however, expressed equally across all times of day and night: activity levels in the late night were comparable between genotypes whereas activity in the early night was significantly reduced in null mutants. Two-way repeated-measures ANOVA of both wheel-running and general activity therefore revealed highly significant (P Ͻ 0.01) interactions between time and genotype main effects (Fig. 3b) as well as significant (wheel-running P Ͻ 0.01, general activity P Ͻ 0.05) differences between genotypes. These effects were equally evident at all stages of backcross into a C57BL/6 genetic background, and there were no significant interactions between the number of backcrosses and behavior (wheel-running, P ϭ 0.57; general activity, P ϭ 0.77). The relative redistribution of wheel-running activity into the later night and loss of a clear activity onset at lights-off were also evident in m/m mice (regardless of background) entrained to a skeleton photoperiod with two 1-h light pulses at dusk and dawn (two-way repeated-measures ANOVA genotype effect, P Ͻ 0.01; genotype*time, P Ͻ 0.01) (Fig. 3c) . On transfer to free-running conditions (DD), ϩ/ϩ and m/ϩ mice exhibited very precise circadian profiles with marked activity onsets predicted from their entrained behavior under LD and consolidated activity during subjective night (Fig. 2) . The m/m mice continued to exhibit bouts of wheel-running and general locomotion, but these activities free-ran predominantly from the later activity bouts observed under LD and skeleton schedules. The brief activity associated with lights-off was usually absent under DD, suggesting that it was a direct response to the lighting schedule and not under circadian control (Figs. 2 and  3d) . Overall, the circadian period was not significantly different between groups (Fig. 3e) , but the free-running activity of m/m mice in DD was less coherent and precise than that observed in ϩ/ϩ and ϩ/m mice, regardless of the C57BL/6 backcross generation. Consequently, although the behavior of null mutants was significantly rhythmic, the amplitude of the periodogram, a measure of how coherent and robust the rhythms were, was significantly reduced relative to ϩ/ϩ mice, both for wheelrunning (Fig. 3e ) and general activity (data not shown), and interdaily stability was reduced (mean Ϯ SEM: m/m, 0.53 Ϯ 0.04; ϩ/m, 0.63 Ϯ 0.07; ϩ/ϩ, 0.73 Ϯ 0.05; P Ͻ 0.05). In contrast to the effects of mutation to several core clock genes, the quality of the rhythm did not deteriorate further with prolonged exposure to DD, nor was there evidence of a multiplicity of periods, in contrast to mice lacking the Vpac2 receptor for vasoactive intestinal peptide (VIP) (17, 18) .
Loss of Prokr2 was also associated with a disruption of circadian thermoregulation recorded by telemetry in an independent group of four m/m and four control (three ϩ/m and one ϩ/ϩ) mice. Whereas wild-type and heterozygous mice displayed well organized nocturnal elevations of core body temperature, the nocturnal elevations in m/m mice were intermittent (SI Fig. 5a ). The mean profiles under both entrained and free-running conditions showed a marked bimodality in the m/m mice, with pronounced dusk and dawn peaks but no sustained elevation between them (SI Fig. 5b) . Overall, the mean body temperature of m/m mice was significantly lower than controls, and although the mean period of the body temperature cycle was not different, the amplitude of the periodogram was significantly lower in the m/m mice, consistent with a loss of temporal coherence (SI Fig. 5c ).
Competent Molecular Timekeeping in Prokr2-Null SCN in Vitro.
The loss of behavioral precision and coherence, the redistribution of nocturnal activity into the later night, and the disturbed thermoregulation seen in m/m mice could reflect either a disorganization of the SCN pacemaker (which normally expresses the Prokr2 receptor) and/or compromised signaling between the SCN and centers regulating sleep and body temperature that also express Prokr2. To examine the circadian competence of the SCN in m/m mice, the prokr2 Brdm1 allele was crossed into a mPer1::luciferase transgenic reporter mouse line, and circadian gene expression was recorded from organotypic SCN slices cultured from neonatal pups (postnatal day 0-6, N3F3 C57BL/6 backcross) by using photomultiplier tubes (19) . In ϩ/ϩ and ϩ/m slices (Fig. 4a) mPer1-driven luminescence from the slice was robustly circadian, with high-amplitude cycles and tightly regulated period. Equally competent circadian gene expression was also evident from m/m slices. Strict circadian bioluminescence was maintained over the course of recording; and not only were the period and amplitude of circadian gene expression rhythms from m/m mice not significantly different (ANOVA P ϭ 0.09 and P ϭ 0.49, respectively) from those of ϩ/ϩ and ϩ/m mice (Fig.  4 b and c) , there was no indication of any alteration to circadian waveform in vitro that might correlate with the disrupted activity/ rest profiles observed in vivo. At the tissue level, therefore, circadian timekeeping in the SCN was not altered by loss of Prokr2 signaling. Nevertheless, the compromise to circadian behavior may have arisen from a selective deficiency of cellular or regional timekeeping in the SCN not evident in ensemble records. SCN slices were therefore imaged by using a CCD to monitor cellular cycles across the subdivisions of the SCN. The regional distribution of circadian gene expression in m/m SCN slices was directly comparable with that observed in littermate control tissue (Fig. 4d and data not shown) , both in the current study and as reported in refs. 19 and 20. Moreover, the amplitude and waveform of individual SCN neurons recorded from m/m slices were comparable with those of ϩ/ϩ (Fig. 4 e and f ) , and these oscillatory neurons maintained tight synchrony over the interval of recording. Finally, genotype had no significant effect 
Discussion
By using a null mutation of the Prokr2 gene, we show that loss of Prok2-mediated signaling has no effect on molecular timekeeping within the SCN nor entrainment of the clock, but it severely disturbs circadian coordination of the activity/rest cycle and thermoregulation. The competence of the SCN as a circadian pacemaker in prokr2 Brdm1 mutants contrasts markedly with its disorganization in mice lacking the Vpac2 receptor for VIP (18) , a neuropeptide coexpressed with Prok2 in SCN cells (21) . In Vpac2-null mice, the amplitude of circadian gene expression is reduced by Ͼ90%; half of SCN cells are arrhythmic, and the remainder express poorly defined, asynchronous cycles (19) . Comparison of these two null mutants demonstrates that circadian synchronization and maintenance are properties of VIP signaling, independent of other products (specifically Prok2) of the synchronizing cells. Furthermore, even though Prok2 expression is induced within the SCN by light (21, 22) , Prokr2-mediated signals are not necessary for photic entrainment because m/m mice were clearly nocturnal under LD and skeleton photoperiods, and on release to DD they free-ran from phases predicted by their entrained behavior.
It is clear, however, that Prok2/Prokr2 signaling is an essential coordinator of circadian behavior and physiology, even though the relative contributions of synaptic and paracrine communication to circadian outflow remain to be determined (6) . Mice deficient in Prokr2 exhibited poorly consolidated nocturnal activity bouts and core body temperature rhythms, two daily cycles that are interrelated but generated independently. The prokr2 Brdm1 phenotype is therefore very different from that observed after immunoneutralization of Clc signaling (another putative output pathway), where activity onset retains its precision, but it is advanced by 2 h, and overall activity levels are intensified (9) . It also contrasts with EGF receptor mutants with compromised TGF-␣ signaling, where activity onsets are again very precise, and daytime activity is elevated (8) . Of these putative SCN output pathways, therefore, deficiency of Prokr2 signaling shows the most distinctive and pronounced phenotype, and appropriate synthesis of Prok2 is probably necessary for competent circadian behavior. In R6/2 mice (a model for Huntington's disease) the progressive deterioration of the activity/rest cycle, which mimics that of patients, is accompanied by marked reduction in expression Prok2 mRNA in the SCN (23) , and mutation of the human gene encoding Prok2 in Kallmann's syndrome is associated with sleep disturbance (24) .
The effects of the prokr2 Brdm1 mutation signal a role for Prok2/Prokr2 different from that predicted from pharmacological studies on rats, where exogenous Prok2 inhibited nocturnal locomotor activity followed by a ''rebound'' hyperactivity during circadian day (10). This observation suggested that endogenous Prok2 is an inhibitor of spontaneous daytime activity; hence, it would be expected that Prokr2-null mice would exhibit increased diurnal activity. In actuality, there is no increase in the daytime activity levels of m/m mice, and overall activity (most notably during early/middle night) is reduced. Clearly, the inferred pharmacological desensitization of the receptor (10) is not equivalent to its permanent loss, and these results are inconsistent with a simple model of Prok2/Prokr2 inhibiting locomotor activity. Moreover, Prok2/Prokr2 signaling is unlikely to be a generic inhibitor of activity across species because the SCN of diurnally active rodents express peak Prok2 mRNA expression during circadian daytime, i.e., the molecular cycles of nocturnal and diurnal species are in phase, as are the cycles of clock genes (25) that drive Prok2 expression. Release of Prok2 and subsequent activation of Prokr2 likely provide a paracrine signal of late circadian day, and/or falling levels of Prokr2 activation mark the onset of circadian night. The central pathways that regulate behavioral cycles and thermoregulation will utilize this time cue appropriately. In mice, these time cues consolidate activity, and body temperature rises; whereas in diurnal species, activity is suppressed.
Loss of Prok2/Prokr2 disrupts olfactory bulb development and leads to infertility (15, 24, 26) . Disturbed circadian behavior may, therefore, be related indirectly to altered olfactory cues and/or infertility. Treatment of m/m mice with exogenous testosterone did not, however, alter their nocturnal activity profiles (E.S.M., unpublished data), and the effects of central infusion of Prok2 on activity are too rapid to be mediated by altered gonadal status. Moreover, olfactory bulbectomy increases rather than decreases general activity levels in mice (27) . A more direct explanation is that loss of Prokr2 expression in SCN target sites in hypothalamus and/or thalamus compromises circadian behavior and thermoregulation. The DMN and the paraventricular thalamic nuclei express high levels of Prokr2 in wild-type brains, and they are known to regulate circadian activity/arousal levels (4). Our genetic data therefore enforce a reappraisal of conclusions based on gene expression and pharmacological studies. Signaling by means of Prokr2 is not necessary for pacemaker functions of the SCN nor its entrainment by retinal input. Prokr2 is necessary for circadian control of behavior and thermoregulation. Whether these two outputs are regulated in a coordinated or independent manner awaits clarification and, more specifically, Prokr2 appears necessary for precise regulation of particular elements of the activity/rest cycle associated the onset of circadian night. Because Prokr2 mediates circadian control of behavior rather than circadian timing per se, targeted intervention of Prok2/ Prokr2 signaling may provide therapeutic strategies for sleep disorders (28) without compromising the central molecular clockwork.
Experimental Procedures
Gene Targeting. Studies were licensed by the U.K. Home Office under the Animals (Scientific Procedures) Act 1986. The Prok2 targeting construct was generated as an insertional targeting vector incorporating the 5Ј Hprt chromosomal engineering cassette (11) . A 2,362-bp 5Ј arm and 1,229-bp 3Ј arm were PCRamplified from a 129S7-derived BAC clone RPCI 21-497L12 by using Hi-Fidelity PCR mix (Invitrogen, Carlsbad, CA), and they were cloned into the 5Ј Hprt vector as a three-piece ligation. The targeting vector was linearized for transfection by using a NheI digest. AB2.2 (129S7/SvEvBrd-Hprtb-m2 ) ES cells were propagated, transfected by electroporation, and selected with G418 by using standard protocols (29) . Homologous recombination was confirmed by using Southern blotting of EcoRI digested with 5Ј and 3Ј external probes amplified from the genomic PAC clone. The 5Ј probe was 858 bp, amplified with primers 5Ј-GCTTCATGGGGAACAGTTGGCTGGGGTG-3Ј and 5Ј-AGA ATCACAGAGCA AGGAGCATCCT TC-3Ј. The 3Ј probe was 424 bp, amplified with primers 5Ј-ATCCACCTCT-TCAGTGGCAGGCACCCCGC-3Ј and 5Ј-TATGACCCTGT-GCTATGCCAGGATCTCCC-3Ј. Chimeric mice were generated by microinjection of targeted ES cells into C57BL/6-Tyr c-Brd blastocysts. Mice were maintained by backcross onto the C57BL/ 6-Tyr c-Brd genetic background described by N (numbers of backcross generations) and F (numbers of familial brother sister matings as described for congenic strains) (http://informatics. jax.org). Mice were genotyped by using the following intron 2-specific primers that amplify a 373-bp PCR product containing an SNP (NCBI SNP ID code rs29958198) at position 132,076,478 bp of chromosome 2 (NCBI ID code m35): 5Ј-CCTCT-GGGGCGTCTAT TGGTCTCC-3Ј and 5Ј-ACT T-GGGGGCACTCCGCGTCTGTTC-3Ј. The SNP creates a restriction fragment length polymorphism on AluI digestion, the recognition site being present in C57BL/6 and absent from 129S7.
RT-PCR Analysis. Total RNA was prepared from brains by using an RNeasy midi-prep kit (Qiagen, Valencia, CA). Reverse transcription was performed on 1 g of total RNA by using SuperScript II (Invitrogen) and random hexamers. PCR for 30 cycles annealing at 58°C was performed by using Platinum Supermix (Invitrogen) on 5% of the cDNA product and using the following exon-specific primers: between Prokr2 exons 1 and 2 and yielding a 484-bp product, 5Ј-CACACGCCCACCAAG-TAGG and TAGCGGGCGAGGGCAGCAATGAA-3Ј; within Prokr2 exon 2 and yielding a 439-bp product, 5Ј-GGGACCCCA-GAACAGAAACACTA and AGCGATGGCCAGCAGAGC-3Ј; within Prokr2 exon 3 and yielding a 496-bp product, 5Ј-TCCACTGGCGGCCCTCTCACTACG-3Ј and 5Ј-CCTGGATGGATGGATGGATGGATGGATA-3Ј; between Prokr2 exons 2 and 3 yielding a 488-bp product, 5Ј-CTGCCCTCGCCCGCTACAAG-3Ј and 5Ј-ACCACGGGAC-CCACGAACTCAAG-3Ј. The Hprt-specific primers (exons 3-and 8-specific) were used as a control for mRNA quality yielding a 352-bp product: 5Ј-CCTGCTGGAT TACAT TA A AG-CACTG-3Ј and 5Ј-GTCAAGGGCATATCCAACAACAA-CAAAC-3Ј.
Behavioral Analyses and Telemetry for Body Temperature. N2F2, N3F1, or N4F1 generation mice backcrossed into C57BL/6-Tyr c-Brd strain were housed in ventilated, light-tight cabinets in individual cages with a running wheel and a passive infrared movement detector connected to a PC running Clocklab (Actimetrics, Evanston, IL) acquisition software. Food and water were available ad libitum. The initial photoschedule was 12 h of white light between 0600 and 1800 followed by 12 h of dim red light. A skeleton photoperiod presented two 1-h pluses starting at 0600 and 1700, and the free-running circadian period was monitored after the mice were transferred to continuous dim red light. Data were analyzed by 2 periodogram, and nonparametric circadian rhythm analysis of interdaily stability and intradaily variability (30) was conducted with Actiwatch Activity Analysis (Cambridge Neurotechnology, Cambridge, U.K.). In a separate group of four m/m mice and four littermate controls (three ϩ/m, one ϩ/ϩ), body temperature was measured by using TA10TA-F20 i.p. radiotelemetry implants (DSI, St. Paul, MN). After postsurgical recovery, mice were housed individually in a temperaturecontrolled room (21 Ϯ 1°C), first on a LD for 3 weeks, and then they were transferred to continuous dim red light. Temperature parameters were sampled for 10 s every 2 min by RPC-1 receivers and ART version 2.1 software.
Radioligand Autoradiography. Brains were rapidly removed 4 h after projected lights on to coincide with peak Prok2 expression; they were then snap frozen on dry ice and stored at Ϫ70°C until sectioning (20 m) on a cryostat. Slides were thawed at room temperature, air-dried, and preincubated in Tris acetate buffer (pH 7.4) containing 0.1% BSA for 30 min at room temperature to remove any endogenous ligand. Slides were then incubated for 1 h in 200 M 125 I-MIT (2,000 Ci/mmol; Perkin-Elmer, Wellesley, MA) in Tris acetate buffer, with alternate slides being incubated in 200 M 125 I-MIT plus 1 M MIT (PentaBiotech, Inc., Union City, CA). After incubation, slides were rinsed 10 times for 5 s each in ice-cold Tris acetate buffer, and then they were then air-dried. Sections were apposed to film (Kodak Biomax XMR-1; GE Healthcare, Piscataway, NJ) for 4 days before being processed.
Bioluminescence Imaging of Circadian Gene Expression. The prokr2 Brdm1 heterozygous mice of the N2F2 (C57BL/6 backcrossed) generation were bred into the mPer1::luciferase line (20) (C57BL/6-N Charles River genetic background), and the N3F2 offspring were intercrossed. Organotypic slices containing SCN were made from 0-to 6-day-old N3F3 pups for recording circadian gene expression (19) by using either photomultiplier assemblies for whole-tissue emission or a CCD camera for single-cell imaging (both items from Hamamatsu Photonics U.K., Ltd., Welwyn Garden City, Hartfordshire, U.K.).
